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This is a library Circulating Copy which may be borrowed for two weeks. For a personal retention copy, call Tech. Info. Division, Ext. 5545 ·as structural components at high temperatures, but some knowledge is then required of the plastic deformation, or creep, which occurs when the materials are subjected to a constant load or stress. Creep tests in the laboratory are primarily concerned with a determination of the rate-controlling mechanism under a given set of experimental conditions; but it is also necessary to know whether these results may be extrapolated to predict the behavior of the material un~er the much slower creep rates usually required iri practice. Although it is not normally possible at the present time to meaningfully extrapolate existing data over wide ranges of stress or temperature, recent creep studies on ceramics have added substantially to our knowledge of creep mechanisms and is providing a foundation on which further work may be based.
This report is divided into two parts. Firstly; possible deformation mechanisms occurring during high temperature steady-state creep are reviewed; secondly, these mechanisms are examined with particular reference to the experimental results obtained from the research program on the compressive creep of ceramic materials conducted at the University of California at Berkeley.
• -2-
II • THE MECHANISMS OF CREEP
In reviewing the mechani.sms occurring during high temperature creep, it is convenient to make a division according to whether they are controlled by the movement of point or line·defects. Furthermore, a direct comparison is made easier by using one basic creep equation for all mechanism types.
Creep is a thermally-activated process, and the secondary or steadystate creep rate, £, may be generally formalized under a given set of experimental conditions by an equation of the form
where A is a constant independent of temperature and having dimensions of length, k is Boltzmann's constant, T is the absolute temperature, i is a length, d is the average grain size, a is the applied stress, G is the shear modulus, D is the coefficient of diffusion (=D exp(-lili/kT),
where D is a frequency factor and AH is the activation energy for creep, 0 and m (= -(atn£/atnd) 0 ,T) and n (= (atn£/atna)d,T) are constants. The significance of the length t depends on the particular model under consideration, but it may be equated with n 113 , where n is the atomlc volume and is equivalent to -0.7b 3 where b is the Burgers vector.
In general, eac;:h creep mechanism predicts a specific value for the constants m and n, but the constant A is usually not too well .defined
and depends on such unknown factors as the height of grain boundary ledges or the density of mobile dislocations. The mechanisms are therefore compared in Table I by .,,,.;.
• -3-lattice self-diffusion, Dgb is the coefficient for grain boundary diffusion, D is the coefficient for pipe diffusion along the dislocation p * cores, and D is a diffusion coefficient related to the second phase rather than to the host lattice.
With the exception of mechanisms V, VIII and IX, these processes were developed for the creep of metals, and, whilst the major deformation modes are probably included, the list is not exhaustive. For example, Table I does not include the possibility of lattice diffusional creep between sub-grain boundaries, due to the lack of experimental evidence for such a process; this would give a creep rate faster than that predicted by the Nabarro-Herring equation 1 • 2 (because m = 0 since the controlling sub-grain size is independent of grain size) and, if the sizE> of the eub~gt'a.ine dect'eaa~e ll'lth inct'eaaing applied stress, n > 1. Similarly, the theory of creep due to the motion of jogged screw dislocations is not included because of the problems associated with the interpretation 10 of this model, although a recent analysis provides some evidence in favor of jog-limited behavior. 11
It is convenient to briefly examine these mechanisms before considering in more detail the methods of determining the rate-controlling process.
A. Point Defect Mechanisms
Mechanisms I-IV are illustrated schematically in Fig. 1 for tests performed under an applied stress, a .
In Fig. l(a) , the grain boundaries perpendicular to the stress axis experience a tensile stress and thus have an excess vacancy concentra- Some information on the rate-controlling mechanism is also provided by the shape of the creep curves: two examples are shown in Fig. 2 26 . m Figure 3 shows the steady-state creep rates obtained from isothermal tests plotted as a function of applied stres·s for (100) crystals; the points marked with an asterisk represent cube specimens. Values of n calculated from the three principal sets of data (open symbols) average 3.9. The effect of crystaf orientation, asperity ratio, and purity appears to be minimal, at least in the high temperature range of this investigation; ·crystals of lower and higher purities (half shaded symbols) as well as crystals in (111) orientation exhibited similar behavior with n ranging from 3.4 to 3.9.
Tile o:.:tivation energy in all cases was "'55 kcal/mole, which is similar to the value for intrinsic diffusion of F ions.
Tests were al~o carried out on polycrstalline LiF of two different grain sizes which differed by more than an order of magnitude ("' 160· ~ and 3000 ~. respectively), and at temperatures in the range 300-550°C . . m both after hot-pressing at 1450°C ("hot-pressed"). and after a subsequent long anneal at 1430°C ("annealed"). 29 The results are shown in Fig. 8 for experiments where the stress was changed periodically during the test: the numbers represent the order of changing. Due to accompanying grain groWth, ' the notation indicates both the initi~l and final average grain sizes.
The results show n....a..l for "hot-pressed" specimens and -1. 
D. Polycrystalline Magnesium Oxide With Lithium Fluoride
An unannealed specimen of polycrystalline MgO containing ~.95 wt.% LiF, and having -99.4% theoretical density relative to MgO, was placed under a compressive stress of 750 psi and heated at a rate of ~250°C/hour. 30 Under these conditions, the specimen started straining at ~30°C, and
showed a rapid increase in strain rate at ""830°C (Fig. 9 ). This corresponds closely to the melting point of LiF (848°C) and the lower temperature activity may be due to the presence of hydroxyl and carbonate anion impurities.
True strains in excess of 55% were achieved without fracture, thus demonstrating a behavior similar to superplasticity. In contrast, a speci- - .... 
